Abstract-The centre diaphragm is a key part of the silicon piezoresistive pressure sensor with three diaphragms structure which is one major matter to the sensitivity of the output pressure value. The characteristics between the deflection at the center of the circular diaphragm and the pressure loaded on it are considered by applying the energy theory. And the nonlinear deflection and the maximal deflection formulas are derived by taking the outside pressure loaded and the prestress into account. The simulation of the large deflection of the diaphragm is developed by the ANSYS finite-elementmethod (FEM) software. And the pre-stress is loaded by applying temperature loads in the APDL module. Additionally, the maximal deflection of the centre diaphragm is measured by the micro displacement test equipment. And the testing results confirm both the correction of mathematical model and the validity of the ANSYS FEM simulation software. The results indicated that the pre-stress affect the deflection of the diaphragm of pressure sensor obviously and should not be ignored.
INTRODUCTION
The high accuracy silicon pressure sensor (SPS) which can bear the extreme high temperature and high pressure environment is a hot-spot of research [1] . In order to enhance the anti-overload capacity during the design of pressure sensor, a structure of three diaphragms, one centre diaphragm and two isolation diaphragms is adopted. And the three diaphragms structure is shown in Fig. 1 [2] .
The perturbation method is often used to establish an approximate numerical analysis of the equations of the deflection, especially dealing with the complicated nonlinear equilibrium equations [3] . Chien W Z [4] proposed the perturbation method which set the deflection at the center of the diaphragm as the perturbation parameter. ZHOU M X [5] , et al. obtained the analytical equations of the deformation and stress distribution of rectangular film by applying the energy theory. This paper is contained the approximate numerical solution of the deflection of circle diaphragm of pressure on load by applying the minimum energy theory, and the pre-stress is included. In Fig. 1 , the numerical number are shown to describe the model as, 1-isolation diaphragm of high pressure sector, 2-isolation diaphragm of low pressure sector, 3-centre diaphragm, 4-oil tunnel, 5-sensitive sensor, 6-ceramic plate, 7-similar shaped body. It is considered in here a common simple structure of thin circle diaphragm as shown schematically in Fig. 2 .The radius from the centre axis is expressed by r, another direction is denoted by t which is tangent to the circumference, the diaphragm radius is a, and the thickness is h. The whole elastic potential energy of diaphragm, V, can be divided into three parts: the bending energy in response to the deflection of the diaphragm is V 1 , the deformation energy generated by the deformation of the neutral plate is V 2 , and the residual strain energy resulted by the weld pre-stress of diaphragm is V 3 . 
where ε r and ε t are the strain of the direction of r and the direction of t, respectively. N r and N t are the stress of the direction of r and the direction of t, respectively. Assuming the residual stress in the neutral plate is σ (stress of tension), so the residual stress energy V 3 is expressed as [6] :
That is to say, the formula of the whole potential energy V is written as,
If the applied uniform pressure which is in the norm of the plate is P, the work in response to the uniform pressure P is expressed as:
According to the minimum energy theory, the work of loaded pressure completely convent into the total potential energy at the balance state, namely:
Consider the case of pre-stress exiting (V 3 could not be ignored). Here, it is assumed Poisson's ratio, μ, equal to 0.3. And the shape function of the deformation of the diaphragm can be expressed approximately as:
where we get the simplified function of u refer to r by ignoring the effect of high order component. The weld prestress of diaphragm is the stress of tension, and the residual stress energy V 3 is expressed as, In order to obtain the relation character between the maximal deflection and the applied pressure, the centre diaphragm which is in the case of applied uniform pressure is analyzed by using the ANSYS APDL module.
The pre-stress of diaphragm is the residual stress of tension which is resulted by the cooling of weld diaphragm. So it is effective to load the pre-stress by the function of thermal expansion of material. And it will be simulated by applying several temperature loads of different parts. In the Fig. 3 , the relation character between the maximal deflection and the applied pressure is described. It can be obtained from Fig. 3 that it is of obvious non-linearity character in the case of large deflection.
IV. RESULT AND DISCUSSION
Applying the micro displacement measurement equipment, the relation characteristics between the maximal deflection and the applied pressure of pressure sensor with span of 40Kpa is obtained. The error of simulation value which is contrasted to the actual test value is expressed in the Fig. 4 . It is obtained from the Fig. 4 that the error of simulation value is less than 3% in the pressure span of (250KPa, 700KPa) where large deflection happened, while the error is much larger in the span of (100KPa, 250KPa). This can be explained by the factors as follow: Firstly, there is theoretical error of large deflection model of simulation in the case of the transition stage from the small deflection to the large deflection when the maximal deflection λ within the span of [0.3h, h]. Secondly, the actual measured value is of larger relative error if the displacement of diaphragm is small. The error of the theoretical value of maximal deflection which is contrasted to the actual test value is described in the Fig. 5 . It is obtained from the Fig. 5 that the maximal error of theoretical value is less than 0.5% and the error of theoretical value is of variability crossing the zero line. As the Eq.(11) can include the case of small deflection, the error of theoretical value is less than the error of simulation value.
V. CONCLUSIONS
This research paper demonstrates the deflection theory of the centre diaphragm of the pressure on load and prestress is included. And the deflection character is simulated by ANSYS software. Finally, the testing results of the actual value of deflection confirm the high accuracy both the theoretical value and the simulation value. It is essentially beneficial to the design of the diaphragm and the whole sensor.
